It is generally agreed that the experimental observation most relevant for both fundamental problems of axon behavior and molecular problems of excitation is the negative slope conductance region of the current-voltage characteristic of axons. Cole,' for example, has emphasized that the first and necessary goal of any membrane theory is to produce a region of steady-state or quasi-steady-state negative conductance. The quantitative and empirical description of squid axon behavior developed by Hodgkin and Huxley2 has proved to be valuable, but attempts to get at the underlying fundamental variables have not been successful. Most theoretical models have been based on the liquid junction theory of Planck,3 but in none of these models does a negative conductance region appear. This difficulty has done much to delay progress in understanding axon behavior.
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The purpose of this communication is to present the elements of a very simple but apparently not unreasonable electrochemical hypothesis which produces in a quantitative way both a negative slope conductance for the sodium ion and a high rectification for the potassium ion. Transient phenomena are not yet included, but the apparent agreement with a wide range of steady-state and short time observations suggests that the ideas may be potentially useful. The aim has been to isolate those assumptions which appear necessary to account for experimental observations.
Theory.-An electric current, whether it be a total current or a partial current for a particular ion species, is defined as the product of a charge density and a velocity. If current is restricted to one dimension, all terms are scalar, and for a positively and singly charged species:
where If is a partial electric current (coul/cm2 see), F is the Faraday constant (coul/mol), Ci is a concentration (mol/cm3), and vs is a velocity (cm/sec). It is sometimes convenient to decompose the velocity into the product of a mobility (velocity/unit driving force) and a driving force and to describe the current as dU
where U is an energy term (joule/mol) and iui is a generalized mobility (cm2 mol/ see joule). Equation (2) 
where xi is the total density of available places (mol/cm3). It will be seen that equation (7) appears to be appropriate for the axon membrane.-Combining equations (5) and (7), with cow constant,
If w» >> Ci, equation (8) (8):
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Vs°= RT In [Ci;fco @-C,/) (13) where the double prime refers to the outside solution. If w» >> Ci, equation (13) where X is a Debye length (cm). Therefore, if the membrane thickness, 6, is small compared to a Debye length, the electric field will be essentially constant even when the charge density is not small, a result also noted by Cole.' It will be assumed that the electric field is constant. It might be noted that given the alternative condition, X << 5, microscopic electroneutrality is an appropriate approximation.5
Direct integration of equation (8) yields an implicit transcendental expression in I and V which will be dealt with elsewhere.
If the electric field is constant, and equations (14) and (15) (8) it is apparent that the relation between the classical diffusion coefficient Di and Ufa is RTUia = FD,.
(31) Therefore, ui 6 RTui al= Us = R~u (32)
There are three possibilities for the numerical value of ai :6,'7 j = 1; ai < 1; ai > 1. For independent transport in dilute solutions and vacancy transport in solids, aj = 1 is appropriate, and for cases where ions may form neutral complexes with diffusing speqies, a, < 1 should apply. However, for interstitially transport in solids, particularly collinear interstitialcy migration, it appears both theoretically9 and experimentally8 that aj = 3, and this is the value which will be used. The other possibilities yield unsatisfactory results. It will be assumed that a, is the same for all ion species, in accordance with the Townsend relation. 10 Given a,, it is possible to use equation (13) Af represents the partition function for the ion species when^, = 0, and there does not seem to be any a priori basis for its estimation. It seems reasonable to assume that for both ions, when , = 0, the density of occupied sites equals the density of empty sites, i.e., Bi = 1.
With these parameters and equation (30) Results.
-The results are shown in Figure 1 . For Vi0 = -50 mv there is a pronounced negative slope conductance region, and for V,°= +50 mv this has essentially vanished and there appears an I-V curve with considerable rectification. In the squid axon, of course, the Na+ curve is transient and not stationary.
In agreement with experimental observations, both ion currents essentially vanish to the left of V = +50 mv in Figure 1 , and a small leakage current is required to account for observations with hyperpolarizing applied potentials. A reduced ion conductance is given by equation (35) 
and its relation to t is shown in Figure 2 . The relation between V and sP is Vx
so that as V goes positive # goes positive, and according to equation (28), the integral resistance will rapidly increase as the membrane becomes depleted of charge and the current will fall toward zero. For values of V beyond +50 mv, i.e., hyperpolarizing membrane potentials, the current carried by any positively charged species will be vanishingly small. A pronounced negative slope conductance region will appear when the equilibrium potential for the ion is at a negative value. The theoretical result that no parameter other than the equilibrium potential need be changed in order to produce such Figure   2 , and the emergence of a negative slope conductance which is in reasonable agreement with experimental observations and agrees with a suggestion by Cole. 14 Conclusion.-The purpose of this investigation was to identify those assumptions which appear necessary to account for three important properties: a steady-state negative slope conductance, high rectification for one ion species, and a linear I-V curve for large depolarizations.
It seems that electrochemical systems which exhibit negative slope resistance (current-controlled) or negative slope conductance (voltage-controlled) can be divided into two types. In the first class this kind of nonlinearity is associated with quantum-mechanical tunneling processes, and the available theory is not complete but nevertheless adequate. The second class involves systems for which tunneling processes have been ruled out for one reason or another, but for which there is no satisfactory theory. It is not always a simple matter to distinguish between electronic and ionic conduction, but for the squid axon the available evidence indicates that ions are the charge carriers2 and that ion tunneling is very improbable.5 The existence in the squid axon of both a linear instantaneous I-V relation and a steady-state negative slope conductance seems to imply depletion of charge carriers somewhere in the system rather than space charge effects. It is possible, however, that the time-dependent negative slope conductance for Na+ is due to a space charge transient, and such transients ought to be of interest to biologists. The electrochemical hypothesis which has been presented here essentially describes a depletion system. It seems to account for a number of experimental observations, but whether it can account for others remains to be seen. At the moment it may provide a framework with which to interpret old experiments and design new ones. A detailed analysis will be given elsewhere. 12 Appendix.-The entropy of the system is given by S = k InQ (1) where k is the Boltzmann constant and Q is the number of possible configurations. If a site can be occupied by only one ion and there is no interaction between ions, then Q is given by:
where N is the number of sites and n is the number of particles. The total energy of the system is E= U,+nU2, 
= U2' + RT n( )n (10)
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